Fatal occupational injuries in a new development region in Shanghai (J Occup Environ Med. 2000; 42:917-922) 
T he labor force of the People's Republic of China (PRC) is estimated at over 600 million workers, making it the world's largest, single-nation labor force.
1-2 Available estimates of occupational fatal injury counts and rates in China as a whole are uncertain and likely conservative because they have been projected using fatal occupational injury rates from other, similarly developed countries. 1 Information on fatal events at work is becoming available in certain geographic regions of China where death registries and workforce enumeration are becoming feasible. 3 In Shanghai, China since the late 1980s, accidental deaths have ranked as the fourth leading cause of death overall (following cardiovascular heart disease, cancer, and cerebrovascular disease). 4 The East Pujiang New Area (EPNA) was established in 1993 in the Shanghai municipality as a special economic development initiative of the PRC government. The EPNA consists of an area of 520 km 2 with a population of roughly 1.5 million. The purpose of this study was to describe the characteristics of fatal occupational injury in the EPNA, Shanghai, in east China, for the period 1991 through 1997.
Methods
A fatal occupational injury was defined as an unintentional injury at work in Shanghai that resulted in death in Shanghai, regardless of the worker's province of residence. The same definition of a case was used for the EPNA. All deaths occurred during the 7-year period from 1991 through 1997. All other non-occupational traumatic deaths, highway motor vehicle fatalities (for which no distinction is currently made in the PRC between occupational vs nonoccupational driving), and cases in which the interval between injury and death was more than 28 days were excluded. Data on non-highway motor vehicle-related occupational fatalities, such as those occurring on construction sites or company premises, were available and were included. Data on occupational fatalities related to assault or violence (intentional injury) were not available.
Management is required to notify the Labor and Personnel Department of the local district and the Shanghai Labor Department within 24 hours of the occurrence of a workplace fatality. Incident investigation reports completed onsite by local district Labor Department officials after this notification were used to identify cases in this study.
Fatal case information was collected from multiple sources available in the local district Labor Department office records. Sources included death certificates, Medical Examiner reports, emergency treatment summaries, local district Labor Department investigation summary reports, and reports of benefits paid to workers' families. Primary outcome information available from these sources included time of death; victim's name, age, gender; and a description of the cause of death.
In addition, the local district Labor Department investigation summary reports recorded the classification of industry, type of enterprise, time of fatal event, demographic information on the deceased, a description of the event that led to the fatal injury, number of deaths per event, and equipment involved in the event. A multiple fatal event was defined as an event in which two or more fatalities occurred.
All work-related death data were coded according to PRC National Standard GB-6441-86 (Classification of Casualty Accidents of Enterprise Staff and Workers). 5 Census data on the total employment in the EPNA was available, which permitted the calculation of overall mortality rates for the EPNA by year. 6 -8 There were no census data available on the age, gender, employment sector, or occupation of worker populations in the EPNA to use as denominators for rates for occupational and industrial subgroup comparisons.
Comparisons have been made with other reported regional data from the PRC in the literature and with the US experience as a whole. 9 The United States was chosen because comparison data from other economically developing nations are lacking. In some cases, US rates and percentage distributions were adjusted by excluding highway incidents and intentional injuries to make a more appropriate comparison with the study data; these are so noted in the Discussion.
Results
In the 7-year period from 1991 through 1997, there were 383 fatal work-related events in the EPNA. These events resulted in the deaths of 426 workers (Table 1) . Twenty-one of the events (5%) involved multiple deaths (a total of 64 workers, 15% of all deaths). The number of fatalities per event ranged from 1 to 12.
The crude mortality rate was 9.1 per 100,000 workers over the 7-year period. The annual mortality rate was highest in the 2-year period 1994 (13.8 per 100,000) and 1995 (14.6 per 100,000) and declined thereafter, although rates in 1996 and 1997 remained substantially higher than in the period 1991 through 1993.
Fatally injured workers ranged in age from 16 to 69 years (mean 34.6 Ϯ 11.2 SD; median, 33) ( Table  2) . Thirty-eight percent of the victims were under age 30, and nearly two thirds were under 40; 97% were male.
The construction sector accounted for over 55% (235) of the fatalities in the EPNA during this period ( Table  3 ). The construction sector was followed by the manufacturing sector (23%) and the transport, storage, mail, and telecommunications sector (11%). With respect to occupation, general construction workers or laborers accounted for 39% of all fatalities and 64% of construction sector fatalities. Electrical workers were the second most affected occupation (8%) overall, whereas forgers and machine assemblers comprised the largest group of fatally injured workers in the manufacturing sector. The majority (268, or 63%) of fatalities occurred at large stateowned (nationally held) enterprises or state-owned enterprises. One hundred forty fatalities occurred in stateowned enterprises managed under the Shanghai municipal government, whereas 128 occurred in state-owned enterprises managed by other provinces. One hundred thirty-three (31%) fatalities occurred at countyor town-owned enterprises (typically medium-sized), whereas the remaining 25 fatalities (6%) occurred at either foreign or privately owned enterprises. Table 4 presents the means of injury by employment sector. Across all sectors, falls, collisions, struck by/against incidents, and electrocutions accounted for 80% of all fatalities. Within the construction sector, falls comprised 46% compared with 33% across all sectors. Within manufacturing, collisions, electrocutions, falls, and struck by/against incidents were evenly distributed and accounted for 77% of all fatal antecedents in that sector. Fifty-nine percent of the fatalities in transport, storage, mail, and telecommunications were related to either collisions or struck by/against antecedent events.
The primary equipment or agents involved in occupational fatalities are summarized in Table 5 . Work surface/ground was involved in 23% of fatalities and led all other categories, followed by building components and construction materials, electrical equipment, and cranes. This order held for the construction sector as well. In manufacturing, however, exposure to chemicals and * Collisions are differentiated from struck by/against as follows: collision involves two or more pieces of equipment or structures that collide with one another (eg, two vehicles, a vehicle and a building, a crane and a building, etc); struck by/against involves being struck by a flying, falling, or other item that may be described as a free body in motion (eg, a falling load from a crane).
gas was the leading agent involved (19%), followed by electrical equipment (17%), and work surface/ ground (13%). Vehicles were involved in half of the fatalities (23) experienced in the transport, storage, mail, and telecommunications sector.
Discussion
The rates presented in Table 1 indicate a dramatic increase in occupational fatalities beginning in 1994, with rates showing only a modest decline after 1995. This increase likely reflects the rapid infrastructure development and industrialization of the region. Activity increased in the region dramatically with the establishment of the EPNA in 1993. In particular, employment in the construction sector, which experienced the majority of occupational fatalities, grew almost 5-fold from 1991 through 1997, reflecting the extensive infrastructural changes in highway systems, public buildings, and commercial development.
The construction sector accounted for 55% of all occupational deaths in the EPNA (Table 3 ). This percentage is comparable with the only other published study of occupational fatalities in a new development zone in China (Shunde City), which reported that 50% of all deaths occurred in building and construction. 3 For comparison purposes, in the United States 18% of all occupational fatalities occurred in the construction industry in 1997. 9 Based on counts and proportions of injury, construction in these two new development zones in China has been a high-risk employment sector.
The 7-year (1991 through 1997) occupational fatality rate in the EPNA (9.1 per 100,000 workers) was 94% higher than the US rate in 1997 (4.7 per 100,000). When highway incidents and intentional injuries were excluded to improve comparability with the study data, the adjusted US rate became 2.8 per 100,000 and the EPNA rate was 225% higher than the US rate.
The distribution of the EPNA occupational fatalities by industry sector was similar in rank order to that of the United States, although some differences were noted. In the United States for the 6-year period 1992 through 1996, construction (15.7%) led all other sectors in its percentage of occupational deaths, followed by transportation and public utilities (14.5%), services (13.7%), manufacturing (11.9%), agriculture (11.7%), retail trade (11.7%), and civil government (10.9%). 9 Using data from 1997, US fatalities from highway incidents and intentional injuries were excluded to improve comparability with the study data. With these exclusions, the construction sector accounted for 25.5% of the remaining occupational deaths, followed by agriculture (18.2%), manufacturing (14.9%), and transportation (11.0%). This indicates that the rank order differences in industry sector between the overall US and EPNA data were accounted for by highway incident and intentional injury related fatalities.
Occupationally (Table 3) , general construction workers and laborers experienced 39% of all occupational fatalities (predominantly in the construction sector). Beyond this largest group, the occupations that experienced the most fatalities were electrical trades, other transport and production, materials handling, and plumbing. The construction sector recruited extensively from surrounding rural areas and may have had a disproportionate number of unskilled and inexperienced workers. The prominence of electrical and plumbing trades may indicate a need for improved training in these occupations. 
* Vehicles include motor vehicles only in cases in which the incident occurs within an enterprise site boundary. Peripatetic work, such as electrical transmission line maintenance and sewer maintenance, is not included in motor vehicle incidents.
The distribution of deaths by occupation in the EPNA was somewhat similar to that of the United States. In the United States in 1997, operators, fabricators, and laborers led all other occupational groups, with 34.7% of fatalities. The occupations within this group with the highest number of fatalities were truck drivers (an occupation that could not be evaluated completely owing to limitations of this study) and construction and general laborers. This group was followed by precision production, craft, and repair (17.5%); farming, forestry, and fishing (14.8%); technical, sales, and administrative support (11.8%); and managerial and professional specialty (10.7%). 9 The age distributions of fatally injured workers in the EPNA (Table  2 ) and Shunde City suggest that younger workers are more frequently involved in fatal events (53% were under 35 years of age in the EPNA and 62% under 29 years of age in Shunde City). 3 In the United States, 32% of occupational deaths occurred in workers under age 35. To what extent the percentages reflect the underlying distribution of workers by age in these two regions in China is unknown and should be addressed in the development of better fatal injury surveillance systems. Note that in the United States, the fatality rate per 100,000 workers steadily increased from 1.5 for 16-to 17-year-olds to 13.8 for workers aged 65 and over. 9 Among causes of death (Table 4) , falls led all other means of injury (39%). This was particularly the case in the construction sector, in which falls accounted for 46% of all fatalities. Falls from height (a subset of all falls) were responsible for 20% of occupational deaths in Shunde City. 3 In the United States falls accounted for 11.5% of occupational deaths. 9 When highway incidents and intentional injuries were excluded from the US data, falls accounted for 19.2% of all remaining occupational deaths. Fall prevention interventions should be considered for special emphasis across all industries.
The remaining major means of injury, collisions, struck by/against incidents, and electrocutions in the EPNA were similar to the major causes of injury reported in Shunde City. In Shunde City, struck by/ against and electrocution related deaths accounted for 20% and 21% of fatalities, respectively. 3 In the United States, struck by/against events accounted for 9.3% of fatalities, non-highway collisions (those occurring on industrial premises) accounted for 6.1%, and electrocutions accounted for 4.8%. 9 If highway incidents and intentional injuries are dropped from the US total, the proportionate magnitude of these particular means of injury becomes comparable with the experience in the EPNA.
Not surprisingly (given the high percentage of fatal falls), working surface/ground led all other categories of equipment/agent involved (Table 5) , with 23% of all deaths. Chemicals and gas and related equipment, along with electrical equipment, were involved in 36% of fatalities in the manufacturing sector.
Strengths of the study include the use of multiple, overlapping source documents for case finding, the mandated timely notification of Bureau of Labor officials of the occurrence of fatal events, the follow-up investigation by Bureau of Labor professionals of all traumatic occupational deaths, and the use of a standardized coding system for describing the fatal injuries and related events. Limitations of the study include the lack of denominator data (either number of employees or hours worked) for the calculation of industry-and occupation-specific rates, and limitations of the coding practice, which yielded less differentiation of antecedent information than could have been achieved. Also, a lack of information on highway incidents overall and intentional injuries at work, and limited coverage of employment other than sectors such as agriculture and fishing, prevented a full understanding of all fatal work incidents.
Future work in this area should attempt to address these limitations.
Given the considerable variations in economic development and employment patterns in the PRC and the limitations noted above, an estimate of occupational fatality for China as a whole cannot be extrapolated from the present data. Takala estimated that the number of occupational fatal injuries per year in the PRC may range between 68,000 and 141,000. 1 This was based on an estimated workforce of 614 million and selected occupational fatality rates ranging from the former socialist economies of Europe (11.1 per 100,000) to the average rate for all other Asian and island countries (23.1 per 100,000), including Indonesia, Pakistan, and the Philippines. Takala indicates, however, that these estimates are likely to be unreliable.
Conclusion
The present study is among the first to examine occupational fatality in the PRC. There were interesting similarities and differences in the fatal injury experience between two new economic development areas in China and the experience in the United States as a whole. Overall rates of fatal injury were far higher in these two economic development areas, although this may have been attributable to the extremely rapid development these areas experienced and not exclusively to differences in controls or control strategies. Generally, the industries accounting for the greatest proportion of fatalities were the same (with the exception of manufacturing). By examining different distributions of the data, it was possible to discern some typical antecedents for the fatal events in China. Falls, collisions, struck by/against incidents, and electrocutions were the leading means of injury. Surprisingly, many of these same means of injury figure prominently in similar industries in the United States. The results suggest the need for improvements in the construction industry overall and for improvements in the prevention of falls, collisions, struck by/against events, and electrocutions across industries. The development of ongoing, comprehensive injury surveillance systems in China will be essential for targeting and evaluating injury prevention activities in the future.
